Binding, internalization, and membrane incorporation of human immunodeficiency virus-1 at the blood-brain barrier is differentially regulated.
Human immunodeficiency virus (HIV)-1 within the CNS induces neuro-acquired immunodeficiency syndrome and acts as a reservoir for reinfection of peripheral tissues. HIV-1 crosses the blood-brain barrier (BBB) within infected immune cells and as cell-free virus by a CD4-independent mechanism. Which proteins control free virus transport across the BBB are unknown, but work with wheatgerm agglutinin (WGA) and heparin suggests that heparan sulfate proteoglycans, sialic acid, and N-acetyl-beta-D-glucosaminyl acid bind HIV-1. Here, we found that an HIV-1 T-tropic virus was taken up by mouse brain endothelial cells in vitro and crossed the BBB in vivo and could be effluxed as intact virus. Uptake was stimulated by WGA and protamine sulfate (PS) and inhibited by heparin. BBB uptake of virus involved four distinguishable binding sites: i) reversible cell surface binding involving gp120 and sensitive to PS/heparin but insensitive to WGA; internalization with a ii) WGA-sensitive site binding gp120 and iii) a PS/heparin-sensitive site not involving gp120; iv) membrane incorporation not affected by WGA, heparin, or PS. In conclusion, binding, internalization, and membrane incorporation are separately regulated steps likely determining whether HIV-1 is incorporated into brain endothelial cells, transported across them, or returned to the circulation.